of increasing the exposure rate to PSA testing, and several studies have suggested that these systems may be effective for the early detection of prostate cancer. [16] [17] [18] [19] However, there have been several issues in PSA-based population screening systems in Japan.
First, the screening program implemented by municipal governments does not provide coverage of all of the city population, and the proportion of the participants is not so high. In Japan, self-employed males and those working for small companies or retirement homes are covered with municipal government screening programs. In contrast, salaried workers are screened by their company's health check-up program or human dry dock (Figure 1) . For example, the government prostate cancer screening applies to approximately 60% of the population of Kanazawa city, but only 20% of the candidates participate in the program (e.g., 5502 participants (12.2%) among 45 116 males aged 55-69 years in Kanazawa city in 2011). 19 Such low participation is apparently typical for Japanese cities.
Second, it is difficult to obtain the information regarding population screening results, including the clinical outcomes of screening to detect patients, because detailed examinations and subsequent treatment for males with abnormal findings in population screening are performed in several urology departments in the region, especially in cities with large populations. There have been a few reports regarding the clinical outcomes of prostate cancer patients detected by population screening. 19 
PROSTATE CANCER DETECTION AND CANCER CHARACTERISTICS IN PROSTATE-SPECIFIC ANTIGEN-BASED POPULATION SCREENING
It has recently been reported that the annual cancer detection rates in the Japanese population screening cohort were 0.54%-1.13%. [16] [17] [18] [19] This range is lower than for other screening programs like clinical trials (e.g., 9.6% in ERSPC 11 ). The relatively low cancer detection rate may be due to repeated data on the same individuals who participate in the screening every year, which is a characteristic of Japanese screening programs. 17, 20 Considering the effectiveness of population screening, the decrease in annual cancer detection rate due to the increase in the number of repeat examinees may not be beneficial; however, favorable shifts in cancer characteristics were observed in repeated screenings. 20 This finding was similar to that of a European screening cohort study, in which population screening was carried out with 2 years or 4 years intervals. [21] [22] [23] One of the most important aims of PSA-based population screening for prostate cancer was to detect cancer at an early stage, when it is curable by optimal treatment; thus, repeat screening may play an important role in the early detection of cancer during regular annual screening.
In terms of the clinical characteristics of prostate cancer patients detected by screening, there was an inverse correlation between the exposure rate to population screening and the proportion of advanced cancer in an assessment of the Japanese regional cancer registry. 24 In Gunma prefecture in Japan, population screenings for prostate cancer have been carried out in 50 (74.6%) of all 67 municipalities, and it was demonstrated that the proportion of metastatic disease in prostate cancer detected by screening gradually decreased according to the increased exposure rate in each municipality ( Table 1) . 24 Furthermore, with regard to longitudinal studies, a large nationwide survey was carried out by JUA; it demonstrated that the proportion of metastatic disease among all recorded cases decreased from 21.3% in 2000 25 to 11.6% in 2004. 26 These findings suggested that PSA-based population screening contributed to detect prostate cancer in early stages and has improved in the past decade. 9 Although, there have been a few studies regarding clinical stage distribution of prostate cancer in Asian countries, the proportions of metastatic disease were reported to be 26.1% and 26.9% in a Chinese 27 screening cohort and Saudi Arabian 28 screening cohort, respectively. 9 The high proportion of metastatic disease indicated that the favorable stage shift followed by the widespread of PSA screening had not occurred in these countries. Together, the promotion of PSA-based population screening in countries in which PSA screening has not been widely adopted will contribute to the earlier detection and prevention of prostate cancer.
Interestingly, a decreasing trend in the proportion of prostate cancer with high serum PSA levels was demonstrated among the first screening participants after starting population screening, especially in the few initial years. 29 A previous epidemiological cohort study using data from the Cancer of the Prostate Strategic Urologic Research Endeavor (CaPSURE) demonstrated that in the PSA era, prostate cancer was increasingly diagnosed in younger males with lower risk and at an early disease stage. 30, 31 The database did not show the exposure rate to PSA screening among the subjects, but it was certain that the widespread use of PSA screening has led to these trends. Several rounds of PSA screening in middle-aged males after instigation of PSA screening may identify those males with high serum PSA levels. Moreover, it is possible that the widespread adoption of PSA-based population screening promotes awareness of PSA screening among general practitioners; the resultant increase in PSA screening by general practitioners may lead to an increase in number of patients with high serum PSA levels detected outside of the population screening.
The overdiagnosis and overtreatment problem for prostate cancer may result from a favorable stage shift after the instigation of population screening. In the Kanazawa population-based screening cohort, 297 (70.4%) of the 422 cancer patients detected by PSA screening were diagnosed with clinically significant cancer, 19 which was inconsistent with the criteria of the Japanese prospective active surveillance cohort. 32 The relatively high rate of clinically significant cancer patients requiring optimal treatment supports the clinical importance of PSA-based population screening. On the other hand, the treatment of approximately 20% of the patients with very low risk of prostate cancer should be carefully discussed. However, no consensus currently exists on the treatment modalities for prostate cancer, including active surveillance. The clinical trial on active surveillance currently underway in Japan 32 will provide critical information that can avoid and reduce the overtreatment for prostate cancer. Physicians involved with population screening should follow the treatment guidelines for cases of very low risk prostate cancer.
CLINICAL OUTCOMES IN PROSTATE CANCER PATIENTS DETECTED BY POPULATION SCREENING
Using the Kanazawa population-based screening cohort, we examined the clinical outcomes of prostate cancer patients detected by PSA-based population screening. 19 A total of 249 cancer patients were diagnosed at 15 urology departments in Kanazawa city or the surrounding areas, and 231 patients (93.5%) were diagnosed as having clinically localized cancer. Only four patients (1.65%) died of prostate cancer during the study period, and this result led to a high probability (93.3% at 8 years) of cause-specific survival (Figure 2) . 19 Although longer follow-up is needed to evaluate the impact of population screening on prostate cancer mortality, this high probability may have been because cancer patients detected by screening were followed-up appropriately not only for prostate cancer but also for ordinary health care at each hospital.
In another hospital-based cohort study performed during the same period, it was demonstrated that 73.5% patients aged 55-69 years in our institution were identified by PSA screening, and these patients had a better prognosis than those diagnosed with local and/or systemic symptoms. 33 A similar result was obtained from another Japanese population screening cohort study, in which the prognosis of prostate cancer patients detected by population screening was demonstrated to be more favorable than that for those diagnosed outside of population screening. 16 Although various types of bias need to be taken into account when comparing cancer patients and people who undergo cancer screening, 34, 35 this study demonstrated the favorable prognosis of the patients with stage-III prostate cancer and prognosis improvement after the introduction of PSA screening in the population groups; it also defined the effectiveness of population screening even if lead-time and length biases were considered. 16 The ultimate aim of population screening for cancer is decreasing cancer mortality, and the controversy regarding this matter was raised in 2009 by the large-scale population-based prostate cancer screening cohort study in USA (Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial) 36 and in Europe (ERSPC). 12, 37 The subsequent results of these screening cohorts demonstrated that a benefit regarding prostate cancer mortality was limited among middle-aged males, and led to the statement that well-informed men aged 55-69 years cannot be denied PSA testing, as stated in the AUA guidelines. 13 However, this is the situation in Western countries, and there has been no clear evidence regarding the effect of prostate cancer screening on cancer mortality on the basis of a large-scale prospective screening cohort in Asian countries. The ongoing Japanese Prospective Cohort Study of Screening for Prostate Cancer (JPSPC) is a cluster prospective cohort study that was initiated in 2002 to assess the effectiveness of prostate cancer screening using mortality rate as the primary end point.
38
Various municipalities within the Hokkaido, Gunma, Hiroshima, and Nagasaki Prefectures participated in the screening and control cohort studies, and these cohort studies has been conducted successfully, with high compliance for PSA screening protocols in the screening cohorts and relatively low compliance in the control cohorts. 38 As the low screening rates of prostate cancer in Asia are expected to minimize the contamination of the control cohort, the JPSPC ending in 2014 should clarify the efficacy of prostate cancer screening for the reduction of cancer-related mortality.
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FUTURE PERSPECTIVE OF SCREENING FOR PROSTATE CANCER IN ASIA
An optimal and ideal population screening system for prostate cancer is one that maximizes mortality reduction and cost-effectiveness while minimizing the drawbacks of screening, such as overdetection, subsequent overtreatment, and adverse effects on quality of life. From this point of view, setting individualized screening, including screening interval, cut-offs for biopsy indication, and upper limit of age for screening, may lower the costs of screening in the community and decrease the likelihood of overdetection and false-positive PSA test results, while maintaining the benefit of mortality reduction. Future population screening should be established on the basis of these concepts, and indeed, the limited and conditional recommendations of screening for prostate cancer are in the AUA and EAU guidelines. 13, 14 No official guidelines on screening for prostate cancer in Asian countries are available, except in Japan; 8, 9 thus, the development of general guidelines for prostate cancer screening for Asian individuals is urgently needed. The characteristics and nature of middle-aged Asian males regarding serum PSA levels should be revealed to establish an optimal screening program, develop the general guidelines for prostate cancer screening, and subsequently widespread PSA screening in Asian countries. As stated above, population screening in Japan may become a good example of such personalized screening due to the lack of spontaneous PSA practice.
With regard to PSA-based population screening, the standard cut-off serum PSA level has been 4.0 ng ml −1 , which had predictive value for the diagnosis of prostate cancer. 39, 40 However, several recent studies demonstrated that prostate cancer, including high-grade cancer, is not rare among males with serum PSA levels below 4.0 ng ml −1 . [41] [42] [43] Moreover, it is well-known that serum PSA levels gradually increase with age. The age-specific reference range of PSA is a reasonable concept for PSA-based screening, and may decrease the costs of screening and decrease the likelihood of overdetection and false-positive PSA test results, while maintaining the benefit of mortality reduction. In the JUA guidelines for prostate cancer, alternative cut-offs for biopsy indications are set at PSA levels of 3.0, 3.5, and 4.0 ng ml −1 for the age ranges of 50-64, 65-69, and ≥ 70 years, respectively, on the basis of clinical evidence in a Japanese population screening cohort study conducted in the 1990s. 6, 44 Recently, we reported that the age-specific PSA cut-offs determined from the receiver operating characteristic curves ranged from 2.3 to 2.6 ng ml −1 in the Kanazawa population-based screening cohort, which were lower than those in the JUA guidelines. 45 Moreover, more than half of the patients with ).
serum PSA levels below the age-specific PSA cut-offs stated in the JUA guidelines had unfavorable features of cancer. 45 Several studies, including the Kanazawa population-based screening cohort study, indicated interracial differences in the age-specific PSA reference range, that is, serum PSA levels may be higher in European and Middle-Eastern males than in Japanese males. 28, [45] [46] [47] [48] [49] On the other hand, the 95 th percentiles in the participants excluding prostate cancer aged 60-69 years were 4.10 ng ml −1 , which was similar to recent studies in Korea (3.90 ng ml −1 ) and China (4.10 ng ml −1 ). 48, 49 Further screening studies conducted in Asian countries are needed to define the optimal age-specific PSA cut-off for Asian individuals, which should lead to a modification of the standard cut-off serum PSA level of 4.0 ng ml −1 currently used to diagnose prostate cancer in biopsies. An optimal screening interval should be defined for the participant with baseline serum PSA below the cut-offs. Several studies have demonstrated the cumulative probabilities of increased PSA above the cut-offs and prostate cancer detection in subsequent screenings in those males. [50] [51] [52] [53] [54] On the basis of the Japanese study results in the 2000's, the JUA guidelines for PSA-based screening proposed a baseline PSA-adjusted screening interval, which was set every 3 years and annually in males with baseline PSA of 0.0-1.0 ng ml −1 and 1.1-2.0 ng ml −1 , respectively. 6 In the Kanazawa population screening cohort, the cumulative probabilities of developing prostate cancer at 4 years in males with baseline PSA of 0.0-1.0 and 1.1-2.0 ng ml −1 were 0.05% and 1.10%, respectively (Figure 3) . 54 All cancer cases with unfavorable clinicopathological features were diagnosed at least 3 years after the initial screening visit in males with baseline PSA levels of 0.0-1.0 ng ml −1 . 54 On the other hand, there was a risk of developing cancer with unfavorable features within 1 year after the initial screening visit in males with baseline PSA levels of 1.1-2.0 ng ml −1 . Furthermore, prostate cancer cases with unfavorable clinicopathological features were detected every year, including one case with metastatic lesions diagnosed 5 years after the initial screening visit in this range of baseline PSA levels. 54 The cohort study well validated and supported the recommendation of the screening interval proposed by the JUA guidelines. 6 Prostate-specific antigen screening has been recognized as a reasonable and convenient way to screen for prostate cancer widely as part of the health check-up of the participants who are healthy and undergo these check-ups to prevent illness; however, the specificity of serum PSA screening has been regarded as poor in those with serum PSA levels below 10 ng ml −1 . Approximately 20%-35% males with serum PSA levels of 4-10 ng ml −1 will be diagnosed with prostate cancer, 55, 56 and the rates of prostate cancer detection of males with serum PSA levels of 2-4 ng ml −1 were reported to be approximately 25%. 42, 57 These results suggested that unnecessary closer examinations, including prostate biopsy, will be performed at a considerable rate in males with serum PSA levels of 2-10 ng ml −1 . Many previous studies suggested that, in males with total PSA (tPSA) levels of 2-10 ng ml −1 , measurement of the free to tPSA (f/t PSA) ratio can distinguish better between malignant and benign prostate disease than tPSA alone, 58 and the usefulness of f/t PSA ratio in population screening was recognized in several studies. [58] [59] [60] [61] Recent longitudinal studies of population screening cohorts demonstrated the effectiveness of f/t PSA ratio regarding the predictive values of f/t PSA ratio for future prostate cancer detection (Figure 4) . [62] [63] [64] [65] In the same fashion, f/t PSA ratio, pro-PSA, and prostate cancer gene 3 (PCA3) were revealed as useful biomarkers for the prediction of a positive biopsy result for prostate cancer in Japanese males with "gray zone" of serum PSA levels. 66, 67 Pro-PSA is formed by pro-leader peptide sequences comprising seven, five, four, and two amino acids and its more often associated with peripheral zone cancer than transition zone hyperplasia in prostate tissue and with cancer patients rather than noncancer patients when measured in the serum. 66, [68] [69] [70] [71] In a Japanese cohort, the prostate dimension-adjusted [-2]pro-PSA-related indices could distinguish patients with cancer from those without more accurately than classical PSA-related indices, such as f/t PSA ratio, PSA density, and PSA transition density. 66 It has been reported that PCA3 encodes a prostate-specific messenger RNA, which is highly overexpressed in prostate cancer tissue compared with its level in normal or benign tissue, 72 and this laboratory findings made PCA3 a prostate cancer diagnostic tool of great promise. Indeed, PCA3 urine assay has been superior to serum PSA or classical PSA-related indices for predicting prostate cancer in American and European populations, and it could be used as a diagnostic tool to select biopsy candidates. [73] [74] [75] The recent results in a large Japanese cohort 67 might indicate that racial differences do not affect PCA3 expression in prostate cancer patients and the possibility of PCA urine test as a screening tool for prostate cancer in Asian region. Future population-based screening program for detecting prostate cancer should be addressed by these novel biomarkers to select the indication of prostate biopsy, and Asian countries, in which conventional PSA-based screening program has not been widespread, may have a chance to establish novel efficiently population screening systems using these novel biomarkers in future.
CONCLUSION
In this review, we presented several results mainly in Japanese PSA-based population screening cohort studies conducted during the past two decades of the PSA era. These findings led us to the ).
Figure 4:
Cumulative probabilities of prostate cancer detection according to free to total prostate-specific antigen (PSA) ratio during follow-up in participants with baseline PSA levels of 2.1-10.0 ng ml −1 (modified from Reference conclusion that PSA-based screening sufficiently contributed to detecting prostate cancer at an early stage, in which the decreased mortality rate following optimal treatments was expected. At present, the conventional PSA-based population screening is not carried out and PSA screening is not widespread in many Asian countries; however, recent evidence regarding serum PSA kinetics in middle-aged males, PSA-related indices, and novel biomarkers for prostate cancer screening may contribute to establish an optimal and natural history-adjusted screening system in Asian individuals.
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